In this paper, we establish some new recurrence relations between the single moments of record values from the modified Weibull distribution as well as between the double moments. Next, we show that the results for the record values from the Weibull distribution obtained by Balakrishnan and Chan (1993) can be derived from our results as special cases. In addition, we deduce some new recurrence relations of the single and double moments of record values from log-gamma distribution. Further, we use the established recurrence relations to calculate the mean, variance and the product moments. Finally, we suggest two applications.
Introduction
The modified Weibull distribution was proposed by Lai, Xie and Murthy (2003) as a new lifetime distribution. They have shown the capability of the model for modeling a bathtub-shaped hazard-rate function. In addition, they characterized the model through the Weibull plot paper. Further, they have shown that the modified Weibull model compares well with other competing models to fit data that exhibit a bathtub-shaped hazard-rate function.
A random variable X is said to have the modified Weibull distribution (MWD) if its probability density function (pdf) is given by It is easy to derive the relation between the pdf and cdf of MWD given in (1.1) and (1.2), respectively, as
The MWD given in (1.1) is a limiting distribution of the beta-integrated model [see Moore and Xie (1988) ] and it is related to the following well-know distributions:
1. At λ = 0, MWD reduces to the two-parameter Weibull distribution.
2. At b = 0, MWD reduces to a type I extreme-value distribution and is also known as a log-gamma distribution or log-Weibull distribution [see Johnson, Kotz and Balakrishnan (1995) ].
Record values arise naturally in many real life applications involving data relating to weather, sports, economics and life testing studies. Many authors have studied the record values and associated statistics; for example, see Chandler (1952) , Ahsanullah (1980 Ahsanullah ( , 1988 Ahsanullah ( , 1990 Ahsanullah ( , 1993 Ahsanullah ( , 1995 , and Arnold, Balakrishnan and Nagaraja (1992, 1998 
while the joint pdf of X U (m) and X U (n) , m < n is given by
(1.5)
In the following section, we establish some new recurrence relations between the different moments of record values from MWD.
Moments
Let X U (1) , X U (2) , . . . X U (n) be the first n upper record values from the MWD given in(1.1), then the single and double moments of the upper record values are given by
where f n (.) and f m,n (., .) are given, respectively, by (1.4) and (1.5). The single and double moments of upper record values from MWD given in (2.1) and (2.2), respectively, satisfy the following recurrence relations.
Relation 2.1
For n ≥ 1 and r = 0, 1, 2, . . ., the single moments of upper record values from MWD defined in (2.1) satisfy the recurrence relation
Proof From (1.3) and (2.1), the single moments of record values from MWD can be written as
where
upon integrating (2.5) by parts treating x r for integration and the rest of the integrand for differentiation, we obtain
where Γ(.) is the gamma function. Similarly, we write
From (2.4), (2.6) and (2.7), then (2.3) is proved.
Relation 2.2
For m ≥ 1 and r, s = 0, 1, 2, . . ., the double moments of upper record values from MWD defined in (2.2) satisfy the recurrence relation where
dx, (2.11)
1. For n = m + 1 and by using (1.3), we can write (2.11) as
which upon integrating by parts gives
Similarly, we write
From (2.10), (2.12), (2.13) and (2.14), then (2.8) is proved.
2. For 1 ≤ m ≤ n − 1 and by making use of (1.3), we write (2.11) as
dx, (2.16) and
From (2.15), (2.16) and (2.17), then (2.9) is proved.
The recurrence relations for the single and double moments of record values can be used to calculate the different moments for any order and sample size in a simple regressive manner. The recurrence relations reduce the round off error for calculating the moments compare with the numerical integration techniques. When we use the recurrence relations to calculate the moments, we need only few initial moments to be numerically calculated.
Example
To calculate the moments μ (r) n , r = 1, 4 and n = 1, 10, we need only μ
1 and μ (4) 
Applications
In this section, we suggest some applications based on the moments discussed in Section 2.
Estimation:
The moments of record values given in Section 2 can be used to obtain the best linear unbiased estimate of the scale parameters of the modified Weibull 
Characterization:
The modified Weibull distribution given in (1.2) can be characterized by using the conditional expectation of record values as follows
Theorem 1
The values x and y represent, respectively, the m−th and (m + 1)−th record values from the modified Weibull distribution iff
Proof
The proof can be easily done by using the definition of the conditional record values.
Theorem 3.1 can be used to characterize the Weibull and log-gamma distribution by substituting λ = 0 and b = 0 in (3.1).
Concluding Remarks
Some new recurrence relation between the single and product moments of record values from the modified Weibull distribution are established. In addition the single and product moments are calculated for some choices the the parameters. Further, the conditional expectation of function of record values is used to characterize the distribution. The relation between our results and some other results in literature are listed below:
1. When λ = 0, Relation 2.1 reduces to recurrence relation of the single and double moments of record values from Weibull distribution obtained by Balakrishnan and Chan (1993) . 3. the single and product moment can be given in Tables 1 and 2 can be used to calculate the variance covariance matrix or record values from MWD which unable us to obtain the best linear unbiased estimates for the location and scale parameters of the MWD.
